Abstract: This study evaluated the effect of Euclea natalensis gel on the reduction of erosive wear with or without abrasion, in enamel and dentin. During two five-day experimental crossover phases, volunteers (n = 10) wore palatal devices containing human enamel and dentin blocks (E = 8 and D = 8). The gel was applied in a thin layer in the experimental group, and was not applied in the control group. In the intraoral phase, volunteers used the palatal appliance for 12 h before the gel treatment, and were instructed to start the erosive challenges 6 h after the gel application. Erosion was performed with Coca-Cola ® (for 5 min) 4 times/day. The appliance was then put back into the mouth and was brushed after 30 minutes. After intraoral exposure, the appliances were removed and the specimens were analyzed using profilometry (mean ± SD, μm). The Euclea natalensis gel caused less wear in enamel in the experimental group (EROS = 12.86 ± 1.75 µm; EROS + ABRAS = 12.13 ± 2.12 µm) than in the control group (EROS = 14.12 ± 7.66 µm; EROS + ABRAS = 16.29 ± 10.72 µm); however, the groups did not differ from each other significantly. A statistically significant value was found for erosion and eros + abrasion in dentin (p = 0.001). Euclea natalensis may play a role in the prevention of dentin loss under mild erosive and abrasive conditions. A clinical trial is required to confirm these promising results in a clinical situation.
Introduction
Dental wear is a known multifactorial condition that may represent an association of erosion, abrasion, attrition and abfraction. Acidic foods are consumed worldwide; 1 however, their effects on the mouth are universally assumed to be harmless. Acidic beverages and foods can affect natural teeth, and chronic exposure often leads to the development of dental wear. 2 The most recognized cause of abrasion is brushing, in which not only the type of toothpaste and brush are responsible, but poor technique and excessive brushing force (after acid challenge) may also act as aggravating factors.
Erosive and abrasive processes are frequently observed, and are often associated, because abrasion of the dental hard tissue is considerably aggravated by exposure to acids (erosion). 3 Efforts have been made to elucidate how erosive/abrasive lesions may be prevented. 4 
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Several strategies have been used to prevent dental erosion and/or abrasion, such as topical application of fluoride or calcium-phosphate formulations. 5 Another option is the addition of calcium, phosphate, iron, ferrous sulphate, 4 titanium tetrafluoride, 6 and/or sodium hexametaphosphate to rinsing solutions or toothpastes. 7 Similarly, investigations into the contribution of natural products, such as propolis, 8 neem 9 and green tea, 10 have been used in experimental formulations for the treatment of different oral diseases. 8, 9 Herbs with medicinal properties are a useful and effective source of treatment for various disease processes.
11 The Euclea natalensis plant has been used for oral hygiene, and also for treating some respiratory diseases in Africa, notably by the indigenous population of South Africa. 12 The root bark is removed and the inside is chewed until it breaks up; afterwards, it is rubbed against the teeth and gums. The root of the Euclea natalensis is used to clean the teeth in certain regions of Africa.
12,13 Fresh root samples of Euclea natalensis were tested against Streptococcus mutans, human saliva and periodontal pocket isolates, and it was found that both aerobic and anaerobic bacterial growth (Porphyromonas gingivalis, Prevotella intermedia and Treponema denticola) was suppressed in all instances. 13, 14 These plant extracts showed moderate cytotoxicity on the Vero cell line.
14 Studies have demonstrated that the polyphenols contained in certain natural products, such as propolis 8 and green tea, 10, 15 may have inhibitory properties against matrix metalloproteinases (MMP) -2 and -9, which could affect the remineralization of artificially demineralized dentin. 10, 15 The roots of the Euclea species are rich in naphthoquinones, which may help explain their therapeutic activity, since these compounds have fungicidal, antibacterial, insecticidal, phytotoxic, cytotoxic and anti-carcinogenic properties.
14 These naphthoquinones may also have properties that protect against enamel and dentin demineralization, thus inhibiting metalloproteinases.
14,15
In a previous in vitro study, Euclea natalensis promoted the reduction of dentin demineralization caused by acids, thus showing that this plant was effective in inhibiting dentin dissolution. However, an in situ evaluation of Euclea natalensis has not yet been conducted to determine the reduction of enamel and dentin demineralization, in situations of high levels of acid challenge. Thus, the aim of this in situ study was to investigate the effect of Euclea natalensis gel on the erosive wear of enamel and dentin.
Methodology Ethical aspects and subjects
This research was approved by the Research Ethics Committee of the Bauru School of Dentistry, University of São Paulo (Protocol no. 010/2011). The study was conducted in full accordance with the Declaration of Helsinki. For subjects to be included in the study, they had to provide a written informed consent, be age 18 to 40 years, be in good health with no evidence of communicable diseases, have a stimulated whole saliva flow rate of 1.0 mL/min, and no evidence of active caries or periodontal disease. The exclusion criteria included presenting any medical condition that could be expected to interfere with the safety of the volunteer during the study period, being a smoker, having received topical application of agents with high fluoride concentration at least 2 weeks prior to the beginning of the study, and presenting systemic diseases such as xerostomia and gastro-esophagic disorders.
4,16
The sample size was calculated based on the data from a pilot study on surface microhardness change. A sample size of 4 volunteers was necessary to provide an α-error of 5% and a power of 80% and a relevant difference of 10% between gel and control groups. Ten volunteers were included in each group, because the variability could be higher for cross-sectional hardness, and because of possible losses inherent to in situ studies. 17 The ten healthy volunteers lived in the same fluoridated (0.70 mg F/L) area, presented adequate, stimulated salivary flow, and wore acrylic palatal appliances.
Stimulated saliva was collected by chewing a piece of rubber band for 5 min and spitting out every 1 minutes. 4 Volunteers with a salivary flow under 1 mL/min were not included in the sample. The volunteers' mean salivary flow was 1.34 ± 1.12 mL/minutes.
Experimental design
This randomized in situ study was a single-blind trial conducted in two phases based on Sales-Peres et al., 4 designed to compare the effect of Euclea natalensis gel on enamel and dentine erosive wear. Ten subjects who met the inclusion criteria, as cited before, attended two phases of 5 days each, with a washout period of 7 days and in situ/ex vivo erosion. The volunteers wore acrylic palatal appliances each containing four enamel specimens and four dentin specimens of human teeth, randomly assigned to two rows and four columns. The specimens in the first row were submitted only to erosion, and those in the second row, to erosion plus abrasion.
The factor under evaluation was treatment for dental erosion and dental erosion plus dental abrasion on two levels: non gel treatment (control group -CG) and treatment with Euclea natalensis (experimental group -EG), and dental substrate treatment on two levels: human enamel and dentin (subgroups E and D, respectively). 4, 17 The sequence of treatments was designed to make the in situ protocol easier to be followed by the volunteers. In the first phase, the specimens were subjected to gel treatment (EG); in the second phase, the specimens were not subjected to gel treatment (CG). The phases were also randomized. Half of the volunteers started the study in the first phase, and the other half, in the second phase. After the end of each phase, the volunteers crossed over to the other phase.
Sample preparation
The enamel and dentin specimens (4 × 4 × 3 mm) were prepared from freshly extracted impacted human third molars, stored in an aqueous 0.1% thymol solution for 30 days. All tooth surfaces were used for preparation of the specimens (crown and root for the enamel and dentin, respectively). The enamel surface of the slabs was ground flat with water-cooled carborundum discs (320, 600 and 1200 grades of Al 2 O 3 papers; Buehler, Lake Bluff, USA), and polished with diamond spray (1 mm; Buehler). The same procedure was used for the dentin surfaces, except for the 320 grade Al 2 O 3 papers. 4 Surface Knoop microhardness tests were performed (Knoop diamond, 50 g, 10 s for enamel and 25 g, 5 s for dentin; HMV-2000; Shimadzu Corp., Tokyo, Japan) to select 80 human enamel specimens with a hardness between 292.0 and 383.4 kPa•mm -2 , and 80 human dentin specimens with a hardness between 48.6 and 68.7 kPa•mm -2 , for a total of 160 specimens.
Custom-made acrylic palatal appliances were made with 8 cavities (5 × 5 × 4 mm). Enamel and dentin specimens were fixed with wax in the recesses of each individual acrylic palatal appliance. The specimens (enamel and dentin) were randomly divided into rows (at least 1 cm apart from each other), and the conditions (EROS or EROS + ABRAS) were randomly divided into lines (at least 1 cm apart) for each volunteer. This split-mouth palatal appliance design has been previously used for testing erosion or erosion+abrasion. 4 
Intraoral phase and treatment
The Euclea natalensis gel was made from the dried roots of E. natalensis (under controlled parameters), and custom prepared by this research group in the Laboratory of Natural Products at the Universidade Federal de São Carlos -UFSCAR. The gel formulation included 10% Euclea natalensis extract, Carbopol ® 980, methylparaben, EDTA, and sodium hydroxide solution. The participants wore the appliances for 12 h before starting the erosive wear for each intraoral phase, to allow a salivary pellicle to form. 18 The gels were then applied in a thin layer using a microbrush, left to remain 5 min and then carefully removed with cotton swabs.
In the intraoral phase, volunteers were instructed to start the erosive wear procedure 6 h after the gel treatment. During the following 5 days, erosive and abrasive challenges were performed ex vivo 4 times/day (at 8 am, 12 pm, 4 pm, and 8 pm) after the main meals. 4 In each challenge, the appliance was immersed in a cup containing 150 mL of a recently opened bottle of cola soft drink (pH 2.6; Coca-Cola Co. Spal, Porto Real, Brazil) for 5 min at 25°C. 4 After the erosive wear, the volunteers were instructed to take a small amount of the beverage in their mouth and re-insert the appliance into their mouth. After 30 min of erosive wear, the second two rows were brushed using a soft toothbrush and fluoride dentifrice (Colgate, 1100 ppm F, Colgate-Palmolive Co.
® , São Paulo, Brazil), for 30 seconds ex vivo 4 . The volunteers were instructed to wear the appliances continuously for 24 h, except during the main meals (4 times/day), when the appliance had to be stored in wet gauze. Seven days prior to the beginning and throughout the experimental phase, participants brushed their teeth with a fluoridated dentifrice. The subjects received written instructions and a schedule, and were extensively trained for all the procedures.
Wear analysis
The laboratory personnel were blinded to the experimental specimen groups. At the end of the in situ phase, the specimens were remounted on acrylic blocks, and the nail varnish covering the reference surfaces was carefully removed.
Surface profiles of the specimens were obtained with a contact profilometer (Hommel Tester T 1000, Hommelwerke, VS, Schwenningen, Germany). Surface loss was determined as follows: the tape was removed and 5 profiles were recorded at exactly the same sites as those used for the baseline measurement. The profile scans were performed in the center of each specimen at 250 µm intervals 4, 17 . The specimens were allocated to the treatments by stratified randomization, according to the mean surface microhardness. All the groups presented similar mean microhardness values (about 363 ± 21 kPa.mm -2 and 68 ± 7 kPa.mm -2 , for enamel and dentin, respectively).
After completion of each experimental phase, the nail varnish was carefully removed from the disc surfaces using an acetone-soaked cotton pellet, prior to analysis of surface wear with a profilometer (Shimadzu, Tokyo, Japan). Five scans were performed on the entire enamel surface. The dentin specimens were kept wet until the analysis, to avoid shrinkage of the collagen fibrils. The values were averaged (μm), and the increment value (final values -initial values) was calculated for the enamel and dentin specimens, which were then submitted to statistical analysis (Figure) .
Statistical analysis
The assumptions of equality of variances and normal distribution of errors were analyzed by the Bartlett and Kolmogorov-Smirnov tests, respectively. Since the assumptions were satisfied, the data were analyzed by two-way analysis of variance (ANOVA). Tukey's test was conducted with STATISTICA version 10.0 (Stat-Soft, Tulsa, USA), and used to perform individual comparisons between the groups. The level of significant difference was set at 5%. Table 1 shows the mean wear (±SD) of the groups in the enamel, and Table 2 , in the dentin investigated.
Results
There was no difference between the groups (experimental vs. control) in relation to the enamel (p > 0.05). However, there was one between them for erosive and abrasive challenges in the dentin (p < 0.05). The Euclea natalensis gel caused less wear in the enamel for the erosive (12.86 ± 1.75 µm) or erosive+abrasion (12.13 ± 2.12 µm) challenge in the experimental group, compared with the control group (14.12 ± 7.66 µm and 16.29 ± 10.72 µm, respectively, p > 0.05). The best preventive effect was observed for the dentin under the experimental conditions of erosive (5.81 ± 1.00 µm) or erosive+abrasion (6.16 ± 1.00 µm) challenges, which yielded a significantly lower mean wear than that observed for the control group (p < 0.05). 
Discussion
In situ models are commonly adopted for assessing erosion and abrasion involving the use of oral devices.
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In the present in situ study, there was no significant difference between the experimental group using Euclea natalensis gel and the control group, in relation to the enamel (p > 0.05), and a significant difference in relation to dentin erosive wear (p < 0.05), which may be attributed to the difference in enamel and dentin composition, and which may interfere in the erosive process. In enamel, the initial stage of erosion is characterized by a softening of the surface, due in part to the demineralization of the surface. On the other hand, dentin erosion is first apparent at the interface between the inter-and peritubular dentin, and greater exposure time causes hollowing and funneling of the tubules. Ultimately, the peritubular dentin is completely dissolved. 20 Saliva performs specific functions to protect the tooth structure, by buffering the capacity of calcium, phosphate and fluoride supersaturation. 21 The protective functions of saliva include dealing with the challenges of erosion: thinning and clearing of erosive substances in the oral cavity; inducing neutralization of acid buffering by bicarbonate ions; providing calcium, phosphate and fluoride; possibly promoting needed remineralization; and maintaining a supersaturated state on the tooth surface, since calcium and phosphate are present in saliva. Assessment of salivary flow required that one of the criteria for the volunteers to be included in this study was having normal salivary flow. Low salivary flow may contribute to the symptoms of erosion, since saliva and its components protect the teeth by neutralizing acidity.
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The salivary pellicle formed may serve as a diffusion barrier or semi-permeable membrane, preventing direct contact between the acids and the tooth surface, thereby preventing demineralization. 22, 23 Accordingly, it seemed to have some effect on the enamel, by reducing the acid challenge in both groups. Future studies could show the differences between the periods of applied gel formation and the benefits gained.
A greater loss of enamel substance was observed in the control group, when erosion was associated with abrasion, although it was not statistically significant between the groups. This reinforces the hypothesis that the enamel brushing performed after 30 min should have been postponed for 1 hour, since there was a greater loss of erosion associated with abrasion. This is in agreement with the literature 24, 25 , which has proposed that oral hygiene (brushing) should be performed after the intake of food to prevent against the salivary buffering of the acidic pH of food, considering that the proximity between the time of acidic food intake and regular tooth brushing are risk factors for dental erosion. When oral hygiene (brushing) is performed immediately after meals, one's saliva cannot rebalance the pH, which remains acidic, and which, together with the mechanical force performed during brushing, leads to a synergistic effect. 24, 25 Studies have shown that dentin demineralization occurs in the peritubular dentin 26,27 -18-20% contains organic material, and 90% is type I collagen. The presence of a collagen-rich dentin surface decreases the diffusion of acids in the tissue, and further exhibits buffering properties, which minimize dental erosion. The organic matrix of dentin can be degraded both mechanically and chemically, which may contribute to the further progression of dentin wear. Chemically, the organic matrix of dentin can be degraded by MMPs (mainly MMP 8, 9 and 2) that cause the breakdown of SD: standard difference. No significant difference was found (p > 0.05). virtually all extracellular matrix molecules, including native and denatured collagen. 15 An in situ study evaluated the effect of a solution containing 0.61% green tea extract, versus none, in reducing dentin wear by erosion followed by abrasion. The result demonstrated that the solution containing green tea showed a reduction in wear, compared with the control group, for both conditions. The authors concluded that the presence of polyphenols present in green tea may have an inhibitory effect on the MMPs present in the dentin matrix. 10 A study using histochemical analysis revealed the presence of naphthoquinones and polyphenols (such as flavonoids and tannins) in the root of the Euclea natalensis. 12, 28, 29 According to the literature presented, 28, 29 the therapeutic effect of Euclea natalensis extract could be attributed to matrix metalloproteinases inhibition in the dentin. This may be justified, because the hardness analysis showed that there was a higher loss of hardness in the Euclea natalensis group, which, in turn, indicates the possibility of the collagen fiber structure having some flexibility.
Condition

Euclea natalensis
Condensed tannins (CT) or proanthocyanidin units consist of flavanol: flavan3-ols (catechins) and flavan3,4-diols (leucoanthocyanins), may contain 20 to 50 flavonoid units, have a complex structure, and are resistant to hydrolysis, but may be soluble in aqueous organic solvents, depending on their structure. In addition, they can precipitate proteins from the cells, and thus form a protective layer, 30 which could be one of the reasons for the beneficial effects of Euclea natalensis.
Furthermore, several studies have shown that the polyphenolic compounds present in Euclea natalensis may have inhibited the adhesion of S. mutans to hydroxyapatite, while others discuss their effect in promoting enamel remineralization. 28, 29 Euclea natalensis extract alone may be an alternative product to protect oral health and prevent dental caries, 13 tooth wear and dentinal sensitivity. 31 For this reason, the effect of the chemical properties of Euclea natalensis as modifying factors for dental erosion should be explored in future investigations.
Conclusion
Euclea natalensis may play a role in the prevention of dentin loss under erosive and abrasive conditions. A clinical trial is required to confirm these promising results in a clinical situation.
